Incidence and predictors of lower limb split-skin graft failure and primary closure dehiscence in day-case surgical patients by Stankiewicz, Monica et al.
This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:
Stankiewicz, Monica, Coyer, Fiona, Webster, Joan, & Osborne, Sonya
(2015)
Incidence and predictors of lower limb split-skin graft failure and primary
closure dehiscence in day-case surgical patients.
Dermatologic Surgery, 41(7), pp. 775-783.
This file was downloaded from: http://eprints.qut.edu.au/86658/
c© Copyright 2015 American Society for Dermatologic Surgery, Inc.
This is a non-final version of an article published in final form in Der-
matologic Surgery: July 2015 - Volume 41 - Issue 7 - p 775–783 doi:
10.1097/DSS.0000000000000391
Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:
http://doi.org/10.1097/DSS.0000000000000391
The incidence and predictors of lower limb split skin graft failure and primary closure 
dehiscence in ambulatory surgical patients 
Abstract: 
Background:  Following general surgery the lower limb experiences some of the highest 
complication rates.  However, little is known about contributing factors to surgical site failure 
in the lower limb dermatological surgery population.   
Aim:  The aims of this research were to 1) determine the incidence of lower limb surgical site 
failure and 2) explore the predictors which contribute to surgical site failure in this group. 
Method:  This study utilised a prospective observational study design.  Data was collected 
from 73 participants from July 2010 to March 2012.  Incidence was determined as a 
percentage of surgical site failure from the total population.  Predictors were determined by 
the use of a binary logistic regression model. 
Results:  The surgical site failure rate was 53.4%.  Split skin grafting had a higher failure rate 
than primary closures, 66% versus 26.1%.  Predictors of lower limb split skin graft failure 
and primary closure dehiscence were identified as increasing age (p=0.04), and the presence 
of post-operative hematoma (p=0.01).  With all patients who developed surgical site infection 
experiencing surgical site failure (p=0.01). 
Conclusion: Findings from this study confirmed that the lower limb is at high risk of surgical 
site failure.  Two predictors of surgical site failure from this cohort were determined.  
However to understand this phenomena and make recommendations to assist reduce surgical 
site complications for these patients in the future, further research in this field is required. 
  
The incidence and predictors of lower limb split skin graft failure and primary closure 
dehiscence in ambulatory surgical patients 
Key words 
Lower limb 
Dermatological surgery  
Surgical site failure 
Predictors 
  
The incidence and predictors of lower limb split skin graft failure and primary closure 
dehiscence in ambulatory surgical patients 
Main text 
Introduction 
The incidence of worldwide skin cancer is highest amongst countries with populations 
consisting predominantly of fair skin complexions such as Australia, United States of 
America and many European countries (1).  Queensland, Australia, has the highest 
worldwide incidence of skin cancer, with approximately 142,500 people diagnosed in each 
year (2).  To reduce morbidity and mortality rates from skin cancer, removal of the lesion is 
essential (2).  Success of the surgery depends on many factors such as the skill of the surgeon 
and intraoperative management of bleeding (3,4);  surgical site complications may also arise 
due to patient factors such as multiple medical co-morbidities, poor circulation or poor 
lifestyle choices (3,5,6). 
All surgical site complications result in prolonged care, which in turn increases 
pressure on hospital resource utilisation, costs of care and costs to patients (4).  Further, 
surgical site complications add potential psychological stress to the patient as a result of 
unexpected post-operative complications (3,4,7-10).  To ameliorate these adverse effects 
considerable research has identified risk factors for general surgical site complications.  
These have been identified as increasing age (4,11,12), uncontrolled diabetes (4,13), smoking 
(4,14) and factors affecting hemostasis (4,14-17).   
Surgery on the lower limb is particularly problematic and is at increased risk of 
complications when compared with other areas undergoing dermatological surgery (18-22).  
This may be due to changes that occur in the lower limb with increased patient comorbidities, 
such as diabetes, peripheral vascular disease, cardiac disease.  Also, the healing environment 
of the lower limb is affected by a number of unique factors, such as mobility, arterial 
permeability, venous and lymphatic drainage (3,13,14,23).  Despite acknowledgement that 
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the lower limb is at higher risk of complications following surgery, there have been few 
investigations of the incidence and associated risk factors of such failures.  There is no 
information at all about complications specifically following surgery for skin cancer lesions 
on the lower limb. 
Our interest in this topic followed, what appeared to be a high rate of wound failure in 
our population of day surgery patients who returned to the clinic for follow-up visits.  
Consequently, the overall aim of this study was to (1) determine the incidence of lower limb 
surgical site failure, identified as split skin graft failure and primary closure dehiscence, in 
ambulatory dermatological surgery patients and (2) to identify the predictors of poor wound 
healing in the lower limb which contribute to post-operative split skin graft failure or primary 
closure dehiscence. 
 
Methods and Materials 
Study Design 
A prospective observational cohort design was used.   
Study setting 
The study was undertaken in a major Australian East Coast metropolitan hospital, 
dermatology outpatient department.  The hospital is a tertiary referral teaching hospital, 
which covers the majority of the state including parts of neighbouring states and the Pacific 
Rim.  The dermatology outpatient department has a dressing clinic attached with specialist 
nursing services to review patients post-operatively.  The study was approved by the 
Hospital’s Human Research Ethics Committee before recruitment commenced. 
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Patient population and sample 
The study population were patients who had a lower limb split skin graft or primary 
closure in the ambulatory surgical suite at the hospital; and who subsequently presented to the 
dermatology dressing clinic for lower limb (below knee and excluding the knee) split skin 
graft management and primary closure management.  Exclusion criteria included patients 
who had previously been recruited for the same type of lower limb surgery and those who 
received curette and cauterisation, where the wound is left open to heal by secondary 
intention.  Patients were recruited after written consent was obtained.  Patients were able to 
be recruited twice if the second surgery type was different to the first, such as split skin graft 
versus primary closure.   
Outcome measures 
The primary outcome measure was failed split skin grafts and primary closure 
dehiscence. A failed split skin graft or primary closure dehiscence was defined as one that 
had a greater than 20% failure at any assessment point (within the allocated first three visits), 
which then required ongoing wound management.  Clinical appearance of the failed split skin 
graft or dehisced primary closure, was a >20% exposure of the dermis or devitalised tissue 
which required removing and prolonged care. The baseline measurement of 20% was chosen 
based on seminal research by Henderson et al (22). 
Instruments 
To determine the primary outcome and associated risk factors a purpose designed 
instrument was developed for this study.  The instrument included baseline demographic 
data: age (in years), gender, type of surgery (split skin graft or primary closure), type of skin 
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cancer (basal cell carcinoma, squamous cell carcinoma, melanoma, other-malignancy, non-
malignancy).   
Risk factor data included six pre-existing items associated with poor wound healing in 
dermatological surgery.  This included medical comorbidities (diabetes, cardiac disease, 
hypertension, hypercholesterolemia, inflammatory diseases, history of deep vein thrombosis 
and/or peripheral vascular disease); surgical comorbidities (cardiac surgery, knee or hip 
replacement occurring on the same leg as the surgery, vein stripping occurring on the same 
leg as the surgery, and/or peripheral arterial bypass or amputation occurring on the same leg 
as the surgery); medication (corticosteroids or glucosteroids, immunosuppressants, anti-
inflammatory, and/or antiplatelet or anticoagulant); nutritional status (waist hip ratio [WHR], 
malnutrition screen tool score [MST]) and the use of prophylactic antibiotics and whether or 
not a participant was a current smoker.  Data was also collected on three post-operative risk 
factors included compression therapy, infection and hematoma development.  Surgical site 
and wound assessment were recorded at each visit. 
In regards to the MST, this is a quick and easy tool to use, using a three point 
response scale ranging from 0-2.  Scores 0-1 indicate that the patient is not at risk of 
malnutrition while a score greater than two highlights the patient ‘at risk’ (24).  A 
comparative study utilising the subjective global assessment tool (SGA), a lengthy screening 
tool used by skilled clinicians to determine the nutritional status of a patient, was compared 
with the MST for sensitivity and specificity (24).  A total of 408 acute adult participants were 
recruited into the study from one hospital in Brisbane, Australia over a three month period.  
Study outcomes indicated that the MST was able to strongly predict malnutrition with a 93% 
(kappa=0.84, p<0.01) sensitivity and specificity being reported, indicating the MST had 93% 
agreement with the SGA.  
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Procedures  
All registered nurses (RNs) assisting in recruiting patients and documenting the 
success of the surgery were highly skilled wound/surgical nursing clinicians, with advanced 
knowledge in post-operative management of surgical wounds and management of chronic 
wounds.  All departmental RNs attended study information sessions on the study and these 
were provided throughout data collection to ensure consistency of documentation and 
reporting of the split skin graft and primary closure success or failure.   
Participants consenting and recruited to the study were de-identified and a study 
number was assigned to each participant at the beginning of data collection.  Patients returned 
to the follow-up clinic on average 10 days following surgery and surgical site and wound 
assessment were recorded at each visit.   
Where the 20% split skin graft failure or primary closure dehiscence could not be 
easily determined, the wound size was assessed using a gridded acetate tracing of the incision 
line or graft, including both the ‘open and failed area’ and the use of the VisitrakTM machine.  
This machine was able to calculate the total surface area of the wound and percentage 
comparison of the area which failed to the healed area of the surgical site (25).   
Statistics 
De-identified data was analysed using IBM SPSS software, version 18.  All data was 
cleaned and cross checked for accuracy.   
Descriptive statistics for categorical demographic and risk factor data are reported as 
counts and percentages.  Continuous items are reported as means and standard deviation 
(SDs) if normally distributed; median and range if not normally distributed (26-27).   
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Bivariate statistics were used to explore relationships between risk factor data using a 
chi square test for dichotomous independent and dependent factors.  If a contingency table 
cell count was less than five for this chi square test, then a two-tailed Fisher’s exact test was 
used (26-27).  For data normally distributed, t-tests were used to compare the means of one 
categorical factor with one continuous factor, whereas an analysis of variance (ANOVA) was 
used for not normally distributed data (26-27).   
The final statistical analysis involved multivariate statistics.  Bivariate statistics with 
statistically significant relationships (p<0.05) with the dependent outcome were chosen for 
the binary logistic regression.  A backward elimination method was used to remove non-
statistically significant (p>0.05) factors one step at a time, to achieve an overall model (28).  
Akaike’s Information Criterion (AIC) and deviance were assessed at each step to measure 
‘goodness of fit’ (29).  The final model was validated by the lowest AIC and deviance, 
however models were considered indifferent if the AICs are less than 10 units (29).  For 
predictors of split skin graft failure and primary closure dehiscence in a binary logistic 
regression model, adjusted odds ratios were calculated with 95% confidence intervals for the 
proportion of patients who developed a skin graft failure and primary closure dehiscence for 
demographic factors and each of the risk factors measured.  
 
Results 
During the study period from the 2nd of July 2010 till 12th of March 2012, a total of 
593 patients presented to the clinic.  Ninety one (15.3%) of these patients were booked into 
the dermatology dressing clinic for lower limb post-operative split skin graft and primary 
closure review; 73 patients met our inclusion criteria and were recruited into the study.  The 
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flow of patients recruited into the study is presented as a modified CONSORT flow chart (30) 
in Figure 1.    
 
Surgical demographic data are reported in Table 1.  This includes the type procedure 
performed and the type of lesion removed, which was confirmed by post-operative 
histological and cancer margin clearance report.  Of the 73 participants, the majority of 
patients were male (n=45), with an overall (male and female) mean age of 73 (SD±12.614).  
Eight (11%) participants were current smokers and the majority (n=65) had maintained a 
‘healthy appetite’ with no weight loss, measured by the MST.  We were able to calculate the 
WHR on 70 participants.  Of these, 66 (94.3%) had central obesity and were in the ‘at risk’ 
for metabolic syndrome.  Participant medical comorbidities and surgical comorbidities are 
presented in Table 2, medications in Table 3.     
 
In regards to the most prevalent lower limb disease changes, 24 (32.9%) participants 
had leg edema, the same number (24) with varicose veins, 14 (19.2%) participants reporting 
chronic nocturnal leg cramps, nine (12.3%) participants reporting claudication, eight (11%) 
participants reporting chronic sharp shooting leg pain, and 12 (16.4%) participants 
developing surgical site pain.  Light compression therapy was applied immediately following 
surgery and continued to be worn during the first week post-operatively by 41 (56.2%) 
participants. The compression therapy, consisted of a tubular bandage (cut from a roll), 
delivering approximately 8-10mmHg of continuous pressure. 
 
The overall incidence of lower limb split skin graft failure and primary closure 
dehiscence was 39 (53.4%) out of 73 surgical procedures.  Of the 23 participants who had a 
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primary closure, six (26.1%) had surgical site failure.  A higher failure rate was observed 
among the 50 participants who received split skin grafting, where 33 (66%) failed to heal.   
 
 The predictors of lower limb split skin graft failure and primary closure dehiscence 
were identified as the type of surgical procedure performed, that being the use of split skin 
graft for surgical site closure (p<0.00), increasing age (p=0.03), surgical site infection 
(p=0.01) and presence of hematoma (p<0.00).  Table 4 ‘risk factor associations with surgical 
outcome’, reports all suspected risk factors identified during the study and their statistical 
association with surgical site failure.   
 From the significant risk factors, the most parsimonious model determined from a 
binary logistic regression included two predictors only.  The results indicated that those who 
were more likely to develop surgical site failure included (1) patients with an increasing age 
over 74 years (p=0.04, 95% CI 0.91-0.99); and (2) those patients who developed hematoma 
post-operatively (p=0.01, CI 95% 0.01-0.40).  Although surgical site failure occurred in all 
10 participants who developed surgical site infection, we could not determine which factor 
preceded the other and therefore surgical site infection was considered a confounded in this 
study population. 
 
Discussion  
This study was designed to assess the frequency of failed surgeries of lower limb skin 
cancer removal and to identify potential risk factors of failure.  The results from this study 
found that the total incidence of split skin graft failure and primary closure dehiscence was 
53.4% with most of the failed surgical sites occurring in the split skin graft group (66% 
versus 26.1%).  Only two other studies have reported the incidence of surgical site 
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complications of dermatological surgeries in the lower limb (18, 22).  The graft failure rate of 
66% in the current study was twice as high as that reported by Henderson et al prospective 
observational study (22), who found a 34% (n=11) split skin graft failure rate on the lower 
limb.  This difference may be attributed to differences in patient mobility between our study 
of ambulatory outpatients versus inpatients who were on strict bed rest for approximately five 
days in the study by Henderson et al.  
In contrast to these high failure rates, a prospective observational study by Amici et al 
(18) reported a significantly lower incidence of 5% of surgical site complications (34/667).  
However, in the Amici study (18), data on limb surgeries was provided as aggregate data 
with no differentiation between upper and lower limb, or differentiation by type of surgical 
procedure (primary closure, split skin graft and skin flap) making comparison difficult.  
In regards to a higher failure rate amongst the split skin graft group, this difference 
may be due to the nature of the procedures.  Primary closure occurs when the lesion is 
removed and the two edges of the excised area are brought together (approximation of the 
edges) (31-33).  Primary closure is favoured over split skin grafting due to reported lower 
risks of bleeding and infection (33).  There is also improved cosmesis (32).  However this 
procedure relies on the availability of relaxed (loose) skin and tension lines, which are skin 
lines created from underlying muscle contraction running perpendicular to muscle movement 
(32-34).  If the surgical site edges are unable to be approximated due to an excessive amount 
of tissue removed, a split skin graft will be performed (34). 
A split skin graft is defined as a transplantation of the harvested skin over the excised 
area (32, 34-35).  The ‘donor site’ is taken from an area of healthy skin and incorporates the 
epidermis and part of the dermis (34-35).  This is taken from the same patient minimising the 
risk of rejection (34-35).  The fenestrated ‘donor skin’ is secured to the surgical site by use of 
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sutures or staples and bolster dressing to minimise complications, such as bleeding and graft 
loss (34-35).  The increased complexity of split skin grafting may assist to understand the 
differences in surgical site failure rates between these two procedures. 
 Predictors of lower limb split skin graft failure and primary closure dehiscence have 
not been previously reported in the literature.  Despite failure to recruit the required sample 
size results from this study suggest a trend towards two risk factors that may predict surgical 
site failure.  
 Firstly, in regards to the first predictor of surgical site failure, increasing age, the 
World Health Organisation (4) and Australian Wound Management Association (5) 
guidelines report that increasing age is a risk factor for poor surgical outcomes and poor 
wound healing.  The results of this study support a trend that increasing age decreases the 
likelihood of a successful surgical outcome.  Aged skin has a reduction in elastin, collagen, 
disorganisation of the capillary network and thinning of capillary walls (12,36).  Also, 
hormonal changes occurring in later years of life impede protein synthesis and predispose the 
elderly patient to increased risk of infection and poor surgical outcomes (12,36).  
The second predictor, development of post-operative hematoma also was shown to 
predict surgical failure in this lower limb dermatological surgery cohort.  No studies have 
previously investigated graft failure from hematoma development.  However in the literature 
it is reported that decreased intra-operative cauterisation and anti-coagulant and antiplatelet 
medication may precipitate further bleeding post-operatively (4,14-17).  Although these 
associations were not found in the current study, this may be due to the study’s lack of power. 
This is similar to one dermatological retrospective study (n=26) which reported no 
association between surgical site failure, poor hemostasis and antiplatelet and anticoagulation 
therapy (37).  On the other hand two larger studies, Boredeaux et al (19) prospective 
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observational study following 1911 patients and a retrospective chart audit (n=653) by Otley 
et al (38) highlighted that post-operative and intraoperative hemostasis was impeded in those 
patients taking these medication.  It is difficult in this instance to ascertain the exact cause of 
hematoma development but perhaps the increased venous pressure post-surgery, despite best 
efforts to cauterise, may impact on vasodilation, leading to bleeding under the graft (39-40).  
In regards to increased venous pressure, light compression therapy, used for a limited period 
post-operatively, is standard practice for improvement of venous return in managing lower 
limb split skin grafts in this organization.  Other products are available and may be more 
effective but, at present, high level evidence of superiority of such products in post-operative 
surgical site care is unavailable (8,13,14,22). Without this evidence, the relatively high cost 
of the newer, multi-layer compression bandaging systems makes their use unattractive to cost 
centre managers (8). 
 Although 10 participants with surgical site failure developed an infection in this 
study, it was determined that surgical site infection, was a confounder.  However our high 
rate of surgical site infection is consistent with other general surgical literature. For example, 
four large prospective observational studies investigating surgical site infection in 
dermatological surgeries (18-21), reported higher infection rates in the lower limb cohort 
when compared with other areas of the body.  One study Bordeaux et al (19) reported that 
lower limb dermatological procedures were 4.28 times more likely to have surgical site 
infection when compared with other areas of the body.   
Less than half of the study patients undergoing a split skin graft received prophylactic 
antibiotics. A decision about whether to prescribe prophylactic antibiotics at this centre is 
based on best practice guidelines, which suggest that use of such antibiotics should be 
discouraged unless the surgical procedure is ‘dirty’ or patient comorbidities indicate such use 
(4,20,31,41,42).  However, there is a suggestion that the problematic nature of lower limb 
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dermatological surgery is an indication for antibiotic prophylaxis.  Even so, half (n=5) of the 
patients who developed surgical site infection were prescribed prophylactic antibiotics. The 
reason for antibiotic failure is unclear but may be related to pre-operative colonisation with 
pathogens which are resistant to the prescribed prophylactic treatment (43,44).  Alternatively, 
chronic disease affecting cutaneous function or poor patient compliance may have led to low 
levels of circulating antibiotics (45).   
 
Limitations 
A limitation of this study was the low recruitment rate.  It was calculated that a total 
number of 113 failed surgical sites was required to find an association with each of the nine 
predictors.  However only 73 participants were recruited of which 39 had failed surgeries. 
Due to less than expected participant numbers recruited into this study (n=73) possibly due to 
a change in the referral process resulting in less patients referred to the clinic post-
operatively, therefore leading to some risk factors not being identified as predictors in this 
study. 
Measurement bias may have been introduced into the study as lower limb vascular 
assessments on each participant, including Ankle-Brachial Pressure Index and arterial 
Doppler, were not completed due to cost (both financial and staffing) and time constraints 
during data collection.  This may have led to an under-reporting of the actual prevalence of 
lower limb disease. 
Finally, external validity is low. This was a single centre study where interventions 
for managing lower-leg dermatological surgeries may differ from those practised in other 
centres. 
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Conclusion 
In conclusion, this was the first study to investigate the incidence and predictors of 
lower limb split skin graft failure and primary closure dehiscence in ambulatory 
dermatological surgery patients.  Outcomes from this study demonstrated that dermatological 
surgeries of the lower limb are at high risk of surgical site failure, especially when the split 
skin graft is the surgical mode of closure.  This study suggested that predictors for surgical 
site failure include patients who were older than 74 years with risk increasing as age 
increases and who developed post-operative hematoma.  However to make solid 
recommendations in preventing surgical site failure, further research is required into 
understanding this phenomenon.   
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Figure 1 - Summary of patient flow and participant recruitment 
Table 1 - Type procedure performed (n=73) 
Table 2 - Participant medical and surgical comorbidities (n=73) 
Table 3 - Medications (n=73) 
Table 4 – Risk factor associations with surgical site failure 
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